At the attainment of Zimbabwe's independence, government of Zimbabwe established the smallholder dairy development programme to encourage smallholder farmers to participate in formal milk markets. Although now more than three decades since the government established this programme, smallholder contribution to the national formal market remains low at 5%. This study was undertaken to determine factors affecting milk market participation and volume of sales to milk collection centres of the smallholder dairy value chain. Four smallholder dairy schemes were purposively selected on the basis of whether the scheme participated in the semi-formal or formal dairy value chain. A total of 185 farmers were then selected through simple random sampling and interviewed using a pretested structured questionnaire. Data were analysed using descriptive statistics and Heckman two-stage selection econometric models. Results show that resources (represented by dairy cows, household size), knowledge (educational level, access to information and extension), experience (household head age) and agro-ecological region significantly determined farmers' participation in milk markets. The study also shows the determinants of milk sales volumes to be resources (number of dairy cows and landholding size); market access (distance to milk collection centre); ambition of the farmer (age); and natural climatic conditions (agro-ecological region). Government policy interventions therefore need to be targeted at increasing the number of dairy cows, taking into account landholding and market access, targeting educated, young farmers located in agro-ecological regions I and II, providing them with adequate, appropriate information and extension packages in order to enhance milk market participation and volume of sales.
Introduction
At the attainment of Zimbabwe's independence in 1980, large scale commercial farmers supplied all the milk that entered the formal markets. Milk produced by smallholder farmers was mainly for subsistence purposes (Chavhunduka, 1982) . The government of Zimbabwe established the smallholder dairy development programme in 1983 to encourage smallholder farmers to participate in formal milk markets (Chamboko & Mwakiwa, 2016) . By 2016, the smallholder dairy development programme was credited with facilitating the establishment of about 20 smallholder dairy schemes located in various parts of the country. These schemes have provided an avenue through which smallholder farmers participate in dairy production and marketing. A distinct feature of the smallholder dairy schemes are the milk collection centres and sub-centres that are run by farmer managed marketing cooperatives. The milk collection centres are responsible for bulking up the milk from the producers and are equipped with cooling facilities. Through the support of government and donors over the years, some of the milk collection centres have acquired and established milk processing facilities and are able to process the milk to produce mainly fermented milk (Amasi) and yoghurts. Smallholder dairy schemes that process milk at the milk collection centre participate in the semi-formal value chain, whereby the milk and milk products produced are largely sold to consumers within the local community in the rural areas and to nearby rural service centres or rural growth points. There are also smallholder dairy schemes that do not process the milk at the milk collection centre but deliver the milk to established urban based processors. These urban based dairy processors process the milk into various products such as Ultra-high temperature processing (UHT) milk, cheese, yoghurts, and dairy related beverages which are predominantly sold to consumers in the urban areas. The milk collection centres of the smallholder dairy schemes that supply milk to urban based processors participate in the formal dairy value chain. The smallholder dairy value chain therefore predominantly is comprised of the semi-formal and the formal dairy value chains.
Although it is now more than three decades since the government of Zimbabwe established the smallholder dairy development programme and subsequent smallholder dairy schemes and milk collection centres, milk delivered to the milk collection centres has not had significant impact on national volumes, only contributing 5% of the milk entering the formal markets. This is unlike other developing countries similar to Zimbabwe such as Kenya, where 80% of the milk entering the formal markets comes from smallholder farmers (Moll, Staal, & Ibrahim, 2007) . According to Muriuki and Thorpe (2002) , in Eastern and Sothern Africa, with the exception of Zimbabwe and South Africa, dairy production is dominated by smallholder farmers. A number of studies have been carried out particularly in Eastern and Northern Africa to understand milk market participation and volume of supply to markets (e.g., Demissie, Komicha, & Kedir, 2014 in Ethiopia; Balirwa, Nalunkuuma, & Sserunkuuma, 2016 in Uganda) . These studies indicate important socio-economic variables that are relevant in informing the development of interventions to improve market participation and productivity, which ultimately increases volume of milk sales from smallholder dairy producers. There is, however a paucity of milk market participation and volume of supply studies that have been performed in Southern Africa. This study therefore contributes to the literature on milk market participation and volume of supply studies. The objective of this study therefore is to assess the determinants of milk market participation and volume of milk sales to the milk collection centres of the smallholder dairy value chain in Zimbabwe in order to inform the development appropriate interventions that can enhance smallholder farmers' milk market participation and improvement in the volume of milk sales.
Method

Description of Study Areas
Four smallholder dairy schemes under the dairy development porgramme were purposively selected on the basis of whether there was milk collection centre processing (to supply the semi-formal value chain), linkages with established urban based processors (to supply the formal value chain), farming system (Note 1), agro-ecological or natural region (NR) (Note 2) location of the scheme, and performance in terms of daily deliveries of milk to the milk collection centre. Two schemes participating in the semi-formal value chain selected were Chikwaka and Nharira-Lancashire, and two supplying the formal value chain were Marirangwe and Rusitu smallholder dairy schemes. The characteristics of the selected study sites are summarized in Table 1 . 
Sampling Techniques
The lists of all members of the smallholder dairy schemes were obtained from the milk collection centres. The list included producers who were and those who were not delivering milk at the time of the study. These lists formed the sampling frames for the sample survey. The samples were selected from lists of 65 producers in Chikwaka, 125 producers in Nharira-Lancashire, 35 in Marirangwe and 245 in Rusitu. The objective was to interview at least 50 producers from each smallholder dairy scheme within the given time frame and available research resources. Simple random sampling was used to select the sample of farmers included in the study. Since the sampling frame for Marirangwe smallholder dairy scheme had less than 50 households, the sample of farmers included in the study were all the producers in the sampling frame. The total number of households interviewed in the four smallholder dairy schemes was therefore 185 farmers. This sample provides a cross section of farmers to represent determinants of market participation and volume of sales to the milk collection centres of the smallholder dairy value chain under different farming systems, agro-ecological potentials and varying scheme performance levels.
Data Collection Methods
Quantitative and qualitative data were collected from both primary and secondary sources. Primary data collected related to milk production and marketing in the smallholder dairy schemes while secondary data collected included statistics on milk deliveries to the milk collection centres and processors. The main source of primary data included key informant interviews, focus group discussions and a survey of households of member farmers of the milk collection centres under the smallholder dairy schemes of the dairy development programme. Key informant interviews targeted the major stakeholders in the dairy industry and these included government institutions, private processors, milk collection centre staff and experienced farmers from the target smallholder dairy schemes. One focus group discussion per smallholder dairy scheme was held with representatives of smallholder dairy farmers. The household survey used a questionnaire that was pretested in Chikwaka smallholder dairy scheme, one of the study sites. The questionnaire collected data on household demographic characteristics, socio-economic data, inputs, milk production and sales, dairy herd data, access to information, extension services and credit, and milk market participation, among others. The data were collected by trained enumerators' during the period August to October 2015.
Data Analysis
Data entry was performed in Census and Survey Processing (CSPro) version 6.1, and was exported to and analysed using Statistical Package for the Social Sciences (SPSS) and STATA. Descriptive statistics were used to summarise household socio-economic and demographic characteristics. In order to describe the characteristics of households in the four schemes, producers selling milk to the milk collection centre at the time of the study were considered as milk market participants and those who did not as non-market participants. The Heckman two-step selection econometric models were used to analyse the determinants of milk market participation and volume of sales to the milk collection centre. The specification of the econometric models used in the study followed literature on empirical studies of selectivity models (Goetz, 1992; Key, Sadoulet, & De Janvry, 2000; Holloway, Nicholson, Delgado, Staal, & Ehui, 2004; Bellemare & Barrett, 2006) . The Heckman two-step is part of the selectivity models, in which the decision to participate in milk markets can be seen as a sequential two-stage decision making process. In the first stage, households make a discrete choice on whether to participate or not to participate in milk markets (that is, whether to deliver milk or not to the milk collection centre). In the second stage, conditional on their decision to participate, households make continuous decisions on volume of milk sales to the milk collection centre. In the first stage, the standard probit model which follows random utility model and specified as Wooldridge (2002) 
Where, y* is a latent (unobservable) variable representing household discrete decision to participate in milk market or not. z' is a vector of independent variables hypothesized to affect household decision to participate in milk market. α is a vector of parameters to be estimated which measures the effects of the explanatory variables on household's decision. ε 1 is normally distributed disturbance with mean (0) and standard deviation of б 1 and captures all unmeasured variables. Y is a dependent variable which takes on the value 1 if a household participates in milk market and 0 otherwise. Conditional on milk market participation, variables affecting the volume of milk sales to the milk collection centre were then modeled using the second-stage Heckman selection model (Heckman, 1979) . The Heckman selection equation is specified as follows:
Where, Z i * is the latent variable representing optimal volume of milk sales to the milk collection centre, which is observed if z i * > 0 and unobserved otherwise. Z i is the observed volume of milk sold to the market, w i is the vector of covariates for unit i for selection equation which is a subset of z', α is the vector of coefficients for selection equation and ε 2 is the random disturbance for unit i for selection equation. One of the problems with the two Equations (1) and (2) is that the two-stage decision making processes are not separable due to unmeasured household variables affecting both discrete and continuous decisions thereby leading to errors of the equations. If the two errors are correlated, the estimated parameter values on variables affecting volume of milk sales are biased (Wooldridge, 2002) . Thus the model that corrects selectivity while estimating volume of milk sales needs to be specified. For this purpose, in the first-step, Mills ratio is created using probability values obtained from the first-stage probit regression of milk market participation. Then in the second-step, the Mills ratio is then included as one of the independent variables in volume of milk sales regression. Thus volume of milk sales equation with correction for sample selection bias becomes:
Where, ф(.)/Ф(.) is the Mills ratio, λ is the coefficient on the Mills ratio, ф denotes standard normal probability density function, Ф denotes the standard cumulative distribution function and ε 3 is normally distributed disturbance term with zero mean and standard deviation of б 3 , and ε 3 is not correlated with ε 1 and ε 2 and other independent variables. Under the null hypothesis of no sample selection bias, λ is not significantly different from zero. In this study, V is volume of milk sales in litres.
The independent variables were identified based on economic theories and empirical studies as follows (Table  2) . Table 2 . Description of dependent and independent variables used in Heckman two-step selection model 
Results
Socio-Economic and Demographic Characteristics of Milk Market Participants and Non-Participants
About 87% of the 185 smallholder dairy producers interviewed were classified as market participants. The characteristics of households show that average age of the household head was about 57 years for market participants group and about 60 years for non-market participants group. The independent samples t-test for age was not significant between the two groups. The independent t-test for educational level of the household head, number of extension visits to the farm, total size of land holding of the household, size of household in terms of average number of household members, income from other sources, total number of dairy cows owned by the household and the volume of milk sales to the milk collection centre were significant at the 5% level of significance between participants and non-participants (Table 3 ). The Chi-square test for categorical variables shows that only access to information and the agro-ecological region location of the smallholder dairy scheme of the household were statistically significant between market participants and non-market participants (Table 3) . 
Results of the Heckman Model
The results of the first-stage of the Heckman two-step model show that of the 14 variables included in the model, seven variables explained the probability of milk market participation. These were total number of dairy cows owned by the household (TotCows), educational level of the head of household (Educhh), age of the head of household (Agehh), size of household (hhsize), access to information (AccInfo), access to extension services (AccExt), and the agro-ecological location of the smallholder dairy schemes of the household (NRDSch). The variables were positive and significant (Table 4) . The results of the second-stage Heckman selection estimation model for volume of milk sales to the milk collection centre of the smallholder dairy value chain show that out of the 14 variables six variables significantly affected the volume of milk sales to the milk collection centre. Total number of dairy cows owned by the household (TotCows), landholding size of the household (LandHo), and access to extension (AccExt) were positive and significant, while distance to the milk collection centre (DistkmMCC), age of the household head (Agehh), and agro-ecological region of the smallholder dairy scheme of the household (NRDSch) were negative and significant (Table 4) .
Discussion
Socio-Economic Characteristics of Milk Market Participants and Non-Participants
Milk market participants sold milk to the milk collection centre, while the remaining households did not participate in the market. The milk collection centre forms an important stage of the smallholder dairy value chain. At two of the schemes studied (Chikwaka and Nharira-Lancashire), milk is processed on site at the milk collection centre and the dairy products are sold directly to consumers in the local area or nearby growth points and urban areas (regarded as the semi-formal value chain). Part of the milk is sold as raw milk to the local community or as fermented milk (Amasi). In the milk collection centres supplying the formal value chain (Marirangwe and Rusitu) the milk is collected by urban based processors who produce a number of products that are sold mainly to urban based consumers. Therefore participating in the semi-formal or formal value chain offers potentially better incomes for smallholder dairy producers.
The socio-economic characteristics of milk market participants and non-participants show that the age of the head of household was not significant but was lower for market participants (57 years) compared to non-market participants (60 years). The mean educational level of the household head in terms of number of years in school for market participants was higher (9 years) compared to non-market participants (8 years). The t-statistic value indicated the mean difference in educational level was statistically significant and positive at 5% level. This indicates the importance of education in understanding and decision making of smallholder dairy producers in terms of market orientation. The results are consistent with the findings of Kuma, Baker, Getnet and Belay (2014).
The mean distance to the milk collection centre was 5.3 Km for milk market participants compared to non-market participants (6.2 Km), and the t-statistic indicates this was not statistically significant. The results of dairy farming experience for the head of household also indicates the mean was not statistically different between participants and non-participants. The results of the size of landholding of the household show that milk market participants had larger mean landholding (8.3 Ha) compared to non-market participants (2.1 Ha). The t-statistic results of this variable were significant at 1% level, indicating the relationship between smallholder dairy market participation and size of landholding in Zimbabwe.
Households who participated in milk markets had larger household sizes (about 6 household members) compared to 5 household members for non-market participants, and the t-statistic showed the variable was significant at 5%. Dairying is an intensive enterprise and most of the households in the smallholder dairy schemes depend on family labour. The results of mean household size indicates that size of household is an important resource for the dairy enterprise as it influences market participation due to the availability of labour for performing the various activities of the dairy enterprise.
The total number of dairy cows owned by the household for milk market participants was about 5 cows compared to one cow for non-market participants, and this was significant at 1%. The quantity of milk sold per month was 515 litres, indicating that milk production is the most important variable affecting milk market participation. The results of income from other sources shows that milk market participants had higher incomes (USD3248) compared to non-milk market participants (USD1656) and this was significant at 5%. Income from other sources such as crop production enables smallholder dairy producers to access resources to invest in the dairy enterprise, such as acquiring dairy cows of improved breeds. This therefore indicates the influence of other sources of income in milk market participation.
The results of the sex of head of household indicate about 74% of the heads were males for both milk market and non-milk market participants, and the Chi-square test was not significant. Access to extension services results show that about 97% and 100% of milk market participants and non-milk participants respectively had access to extension services and the Chi-square test indicates the difference was also not significant.
Access to information was measured on the basis of whether one of the household members owned a mobile phone, and whether the mobile phone was used to access dairy enterprise information. About 76% of milk market participants indicated positively to accessing information compared to about 26% of non-milk participants and the variable was significant. The results indicate the influence of access to information on milk market participation.
The last two categorical variables assessed were occupation of the household head and agro-ecological region location of the smallholder dairy scheme of the household. Occupation of the head of household was classified into full time farmers, or otherwise if the farmer was not fulltime on the farm. Fulltime time farmers were resident at the farm while others were employed off farm or were involved in other activities that limited them from farming on a full time basis. About 82% of milk market participants were full time farmers compared to 78% for non-milk market participants, although the Chi-square test indicates this was not significant. In terms of agro-ecological location of the smallholder dairy scheme of the household, about 70% of milk market participants were located in NR I and II, and all the non-milk market participants (100%) were located in NR I and II, and the Chi-square indicates this variable was significant. In Zimbabwe, the natural region location of the household determines the amount of rainfall that is received and therefore the potential for agricultural and livestock production. NR I and II are considered as the regions with the highest potential for intensive production of both crops and livestock, compared to NR III to V where the rainfall is limited and the regions are suitable for semi-intensive and extensive crop and livestock production (Muir-Leresche, 2006).
Determinants of Milk Market Participation and Volume of Sales
First-Stage Heckman Participation Model
Results of the first stage Heckman two-step model (binary probit model) show that out of the 14 explanatory variables, seven were found to determine the probability of milk market participation. These are total number of dairy cows owned by the household, educational level of the head of household, age of the household head, household size, access to information and extension services, and agro-ecological region location of the smallholder dairy scheme of the household.
As expected, the total number of dairy cows owned by the household had positive relationship with milk participation decision and was statistically significant at 5% probability level. The positive and significant relationship indicates that the greater the number of dairy cows owned by the household, the better is the milk jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 10; 2017 production and the more likely the household will make milk market participation decisions. These results are consistent with the findings of Kuma et al. (2014) . The educational level of the head of household was positive and had significant impact on milk market participation at 1%. The positive and significant relationship between the two variables indicates the educational level of the head of household as an important variable affecting household milk market participation. This also indicates educated dairy producers have some knowledge of the importance of market participation decisions. Age had positive and significant impact on milk market participation at 1%. The positive and significant relationship indicates that age, which can be used as a proxy for experience, shows that old aged farmers acquire experience over the years and hence positively influences market participation. These results coincide with the findings of Kuma et al. (2014) and Mamo, Tefera, and Byre (2014) in Ethiopia.
The results show that household size and milk market participation relationship was positive and significant at 1%. The results are in conformity with the findings of Demissie et al. (2014) in Ethiopia. The positive and significant relationship indicates that dairy is a labour intensive enterprise. Large family sizes in smallholder dairy enterprise indicates availability of labour for smallholder dairy production which increases milk market participation. Access to information and milk market participation decision are positively related and significant at 1%. This indicates that access to information increases milk market participation and leads to understanding of the workings of the market, information on prices, and other market information that improves decision making of the smallholder dairy producer. Access to extension services and milk market participation decisions indicates a positive and significant relationship at 1%. This indicates that access to extension services provides farmers with information on technologies that are necessary to improve management of the dairy enterprise and hence improved milk production and enhanced market participation decisions.
Agro-ecological region location of the smallholder dairy scheme of the households and milk market participation decisions relationship was positive and significant at 1%. This indicates that agro-ecological region location of the scheme of the household enhances milk market participation decisions since smallholder dairy schemes located in high potential regions of NR I and II are able to access feeds and stover from crop production due to the high rainfall received in these regions. Households can also grow improved fodder crops for supplementary feeding of their dairy animals, compared to dairy schemes located in NR III to V. Masama, Kusina, Sibanda, and Majoni (2005) study of Nharira-Lancashire which is located in NR III of Zimbabwe found that farmers kept inadequate amounts of feeds of poor nutritional quality for feeding the dairy cows year round. Chinogaramombe et al. (2008) also found that shortages of feed was one of the major constraints for smallholder dairy production for the semi-arid regions of Zimbabwe which are mainly located in NR III, IV and V.
The results of the milk market participation model also show that distance to the market, sex of the head of household, dairy farming experience of the head of household, land holding size, farmer occupation, agricultural training of head of household, and income from other sources were not significant. In terms of landholding size and dairy farming experience, these results are contrary to the findings of Kuma et al. (2014) in Ethiopia. Kuma et al. (2014) found these two variables to be negatively related to milk market participation, which was contrary to their initial expectations. The explanation advanced (Kuma et al., 2014) in the case of dairy farming experience in Ethiopia was that households with many years dairy farming experience owned local cows and lived in areas where the demand for milk was low. The farmers were also more engaged in marketing milk products rather than milk. In Zimbabwe, this could possibly be explained by the fact that dairy farmers have not adopted dairy farming as a specialized enterprise and are therefore not commercially oriented. Key informant interviews indicates that farmers practicing dairy are also into many other cropping and livestock enterprises and therefore do not give dairying the management attention it requires as a specialized enterprise.
In terms of landholding size, Kuma et al. (2014) found a negative and significant effect on household milk market participation. Their explanation was that the negative relationship between milk market participation and land holding indicates that market oriented dairy production does not necessarily require large pieces of land (Kuma et al., 2014) . This was mainly because households producing milk for market had access to purchasing pastures from other households or from government holdings. Contrary to the situation reported by Kuma et al. (2014) , in Zimbabwe, farmers do not have access to purchased pastures from other households. The households have to allocate the available land between competing demands for the production of food crops, fodder and feed for the smallholder dairy enterprise.
Although the results of income from other sources were not significant in this study, other studies have found otherwise. Demissie et al. (2014) found that financial income from other sources had negative effect on cow milk market participation in Ethiopia and the relationship was significant. Demissie et al. (2014) explanation was that this indicated that any financial income decreases milk market participation for the smallholder producer household as a result of fixed transaction costs.
The determinants of farmers' participation in the milk market can be summarized as follows: dairy cows and household size represent availability of resources; whilst educational level, access to information and extension service represent availability of knowledge; age of household head represent experience; and agro-ecological region represent the natural and climatic conditions.
Second-Stage Heckman Selection Model
Heckman's second stage estimation identifies the significant factors that affect volume of milk sales using the selection model which included the inverse Mill's ratio calculated from the probit estimation of milk market participation decision. The overall joint goodness of fit for the second stage is assessed based on Wald Chi-square test. The null hypothesis for the test is that all coefficients are jointly zero. In this study, the model Wald Chi-square test (Wald Chi 2 = 2024.26; Prob > Chi 2 = 0.0000) indicates that the overall goodness of fit for the selection model is statistically significant at less than 1%. This shows that jointly independent variables included in the model explained the volume of milk sales.
In the second stage selection model, out of the 14 variables, seven variables were found to be significant determinants of volume of milk sales to the milk collection centre of the smallholder dairy value chain, including the inverse Mill's ratio (LAMBDA). The variables found to be significant are total number of dairy cows owned by the household, distance to the milk collection centre (representing access to markets), age of the head of household, land holding size of the household, access to extension services and agro-ecological region location of the smallholder dairy scheme of the household.
As hypothesized, the total number of dairy cows owned by the household has positive effect on volume of milk sales and is significant at the 1% probability level. The model output predicts that an addition of one dairy cow causes the marketable volume to increase by 0.47 litres per month. The number of dairy cows owned by the household is an important policy variable that indicates possible policy interventions that can be implemented to enhance milk market participation and volume of milk sales for the smallholder dairy producers to benefit from the lucrative value chains. Bardhan, Sharma, and Saxena (2012) study in India report the milk output sold depends on farm and farmer specific variables such as family size, age, education, resource ownership like land and animal holding. In this study, resource ownership includes total number of dairy animals owned by the household which are significant in determining volume of sales.
The distance to the milk collection centre, which was used as a proxy for access to milk markets of the smallholder dairy value chain, was negative and significant at 1% probability level. As hypothesized, distance to the milk collection centre affected milk sales volume negatively. This indicates that as one moves further away from the milk collection centre, the greater the transportation costs and the losses due to spoilage and less access to information and facilities offered by the milk collection centre, thereby impacting negatively on volume of milk sales.
Age of the head of household had negative effect on volume of milk sales and was found to be significant at 5%. This implies that old aged households' heads are slow to adapt to changing market conditions and new technologies, and therefore do not respond quickly to market incentives to increase milk supply to the market. Conversely, this indicates that young aged household heads are more business minded, are ambitious and entrepreneurial and therefore make use of improved inputs to increase milk production, thus increasing volume of sales. The descriptive results show that generally the mean age of the household head for milk market participants was lower than that of non-milk market participants. This therefore indicates that old aged households are not as market oriented compared to young aged households. This implies that to increase the volume of milk sales to the milk collection centres of the smallholder dairy value chain, government policy interventions need to target young aged households that are more adaptable, ambitious and entrepreneurial, and are more inclined to quickly understand the dynamics of the milk markets.
Land holding size of the household had a positive and significant effect on milk sales volume at 5%. This indicates that households with large land holdings have better access to grazing for their dairy cows, and can also grow supplementary fodder crops including better access to crop residues that can be used as supplementary dairy feed. This improves milk production and hence milk sales volume supplied to the milk collection centre of the smallholder dairy value chain. The results of the descriptive statistics show that generally land holding size was higher for smallholder milk market participants. This indicates an important policy variable that is relevant to smallholder milk sales volume, and has important implications for milk supply in Zimbabwe in light of the implementation of the fast track land reform and redistribution programme that has resulted in reduced sizes of land holdings of the previously large scale commercial farmers.
Access to extension services had positive and significant (at 1% level) effect on milk sales volume supplied to the milk collection centre of the smallholder dairy value chain. The change in having access to extension services of the smallholder dairy producers on milk quantity supplied was about 6.1 litres. The result indicates that milk sales volume in the study areas was more responsive to access to extension services. Extension is important in providing up-to-date knowledge required to effectively run the dairy enterprise. The policy implications are that access to adequate and appropriate extension should be one of the priority policy interventions if government is to increase milk sales volume from the smallholder dairy producers. This would increase milk production and hence milk sales volume to the milk collection centres of the smallholder dairy value chain.
The agro-ecological region location of the smallholder dairy scheme of the household had negative and significant effect on milk sales volume at 5%. The results indicate that agro-ecological region location of the dairy scheme in areas other than NR I and II have negative effect on milk sales volume. This is mainly because livestock production in Zimbabwe depends on native pastures and use of crop residues (Masama et al., 2005) . Natural regions I and II are considered high potential areas due to the high rainfall received (average 1050 mm and 750 mm, respectively). This enables smallholder dairy producers in these areas to access crop residues from crop production that can be fed to dairy cows. Masama et al. (2005) found that the herd size influenced the quantities of supplementary feeds harvested and stored. The policy implications are that government policy interventions should target smallholder dairy producers in the high potential natural regions I and II if the milk sales volume is to be increased from the smallholder dairy schemes.
According to the model output, the inverse Mill's ratio or selectivity bias correction factor (LAMBDA) affected milk sales volume positively at 5% significance level and indicates that in the Heckman two-step model, the correction for selectivity is significant. This indicates sample selection bias, and existence of some unobservable household characteristics affecting likelihood to participate in milk market and thereby affecting milk sales volume.
The determinants of volume of milk sales are thus number of dairy cows and landholding size of the household representing availability of resources; distance to the milk collection centre representing market access; age of household head representing ambition of the farmer; and agro-ecological region.
Conclusions
The study shows that resources (represented by dairy cows, household size), knowledge (educational level, access to information and extension services) and experience (age of household head) and natural climatic conditions (agro-ecological region) significantly determined farmers' participation in milk markets. The study also shows the determinants of milk sales volumes to be resources (number of dairy cows and landholding size of the household); market access (distance to the milk collection centre); ambition of the farmer (age of household head); and natural and climatic conditions (agro-ecological region). The results of the study suggest the following policy implications and interventions if milk market participation and sales volume are to be increased from the smallholder dairy schemes and hence increased supply of milk to the milk collection centre of the smallholder dairy value chain. In order to increase milk market participation, government policy interventions need to be targeted at increasing the number of dairy cows for smallholder dairy producers. Policy interventions should also target educated, young aged farmers located in high potential agro-ecological regions I and II. These should be provided with adequate and appropriate information and extension packages in order to enhance milk market participation decisions. The results also indicate that in order to increase milk sales volume to the milk collection centre of the smallholder dairy value chain, policy interventions targeted at increasing the number of cows owned by the smallholder dairy producers would have a positive impact. Complimentary policy interventions need to take into account the landholding size and agro-ecological region location of the smallholder dairy scheme of the household, the provision of adequate and appropriate extension messages targeted at smallholder dairy producers. Government would also need to implement policy measures that target young aged producers, and ensure the milk collection centres are accessible to the smallholder dairy producers if milk sales volume is to be increased to supply the milk collection centres of the smallholder dairy value chain.
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